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‘1’hc Wide. l:ield/l’lanc[ary CIamcra (\VJ:/lW), dcvc]oiml by the Jet l)mpulsion 1.aboralmy
(J I) I,) under contract to tlw National Aeronautics an~l Spa& Administration (NASA), is ~}]e
principal scicncc  instrument on the }Jubb]c Space “1’clcscmpc  (} IS’J’). ‘1’hc }1S’1’, shown in
l~ig,ar-c  1, was launchd  on April 24, 1990. Shortly  thcreaf[er, it became. evident that
spherical aberration of the primary mirror limitcxi the pcrformancz  of the HS”I’ science
ins[rumcnts. As the } IS”]’ was designed for on-orbit servicing, to repair and refurbish the
observatory and to upgraclc its capabilities, a mission was planned to re.place the misting
WJ:/})(~ 1 with a modifietl  version of its spare instrument, desifg]atccl  W1;/IT  II (I;igurc 2).
‘1’hc Wl:/l’C 11 would bc cquippc(i  with a prcscripticm to its optical train, l;ig,ure 3, to c.orrcc.t
for the spherical abcrrat ion of the 11S’1’ primary mirror.

.
‘1’hc optical fix rcquim  tk virtual imag,e.  of the. abc.rmtccl }1S’1’ primary mirror to k
rcimaf,cd on inversely abcrratd  secondary mirrors of the Wl;/l’C 11 relay optics. An order
of magnitude increase in the accuracy of the ali~nnlcnt  of the two aberrated pupils  is
ncccssary in order for the prescription to be et”fcctivc. ‘1’his task is complicated by the
Wl:/}’C1  11 design which contains four optical channels, each channel requiring, the prccisc.
alignment. ‘1’hrm factors that could cause, misalignment of the optical train followinr,
insertion of the instrunm.nt  into the }1S’1’: 1) Mechanical tolerances in the instrument to
te]cscopc  intcrfacc; 2) tilt and deccnter of the telescope. secondary mirmr;  and 3) changes in
the environnwnt from alig,nmcn[ on cart}] to operation in space, espccial]y  in tcmpcraturcs
and thermal gradients. ‘1’0 assure the rccluircd alignjnent  can be achieved and maintaine.ci  on
orbit, mectianisms  have been added  to control tip and tilt of four elements of the WJ;/l’C  11
q)tical  train. The purpose of this paper is to ])rese.nt the detailed thermal and mechanical
analyses usd to determine the effects of environmental chan~,cs  on the WJ:/I’C 11 optical
alignment. ‘1’hc.  analysis results are used to determine. the performance. specifications for the
mechanisms used to align the Wl:/l’C 11.

All of the o])tics are mounted to a kincmatically su])por[d  optical bench shown in ]ig,urc 4.
‘1’hc optical bmch  consists primarily of four graphite/epoxy panels enclosing four bulkheads.
‘1’hrcc  of the bulkheads are constructed from high parity Invar and support the fold mirrors,
pyranlid mirror, and relay optics. ‘1’hc pickoff  mirror is cantilclcrcd  from the optical bc.nch
on a graphite/qmx  y arm. All optical elements arc mounted to the optical bench through a
set of flex[]rcs, ‘1’hc ftcxurcs provide a stiff support system but allow radial motion of the
optics relative to the bench.

lk)th thermal dcforma[ic)n and gravity release. affect the. alignment of the optical train.
“1’hcrmal deformation rcsu]ts  from two cliffcrent  cnvironmntal  cffe.cts. l:irst, the uniform
change in temperature from ali~nment  cm earth (2(Y’C) to operation in space (10”C) due to the



diffcrmt  C’J’II’s of the materials used on Ihc optical bmch. ‘1’hcrlnal  distortion analysis was
performed using,  the optiml bench flni[c element model shown in l;ig,urc  5, A uniform
lcm]wraturc change. was plami on the mode]. ‘I’llc(liffcrc[lcc l~cti~cell  thccmfficicnt  of
thermal expansion of tllelll\’artlLllkl]ca(ls  to [he ~,l;i]lllite/e]  )cJxy]lallcls rcsultd  in thcb ending
of ltlc optical bench as diag, rammed in l;ig,urc.  6. ‘ltlc.]  es~]lti]]g(l is1)12\cetl]erltsa1  ](l tip/tiltsof
the optical elements were used topcrform ray tracc analysis todcterminc  thcchanp,c in
optical alig}lmcnt caused by the 10(’(~ chan~,c in tcmpemturc.

Second, tc]]ll~erat~]re  ~,raclic]lts  acrc)ss thcop[ical  bench resulted from thcllS’1’satellite.
moving  in and out of the car[h’s shadow within each orbit. ‘I’llcfi]litc elelllc[it  model  was
used to dctcrminc the, motion and tilt ofthc optical elements duc to [hc tcmpmturc gradient.
Ag,ain,  ray tracing, wascmploycd  [odctcrn]in  citscffec(  on the optical alig}~mcnt.

l;iaitcelcmcnt  models  wercalso  col]strllcte(l of each oftllci]l(lil~i(l[lal  optical element
assrmblics. ‘1’hc ilnitcelcment  model of the relay optics  is shown in l;ig,ure7.  Sine
vibration testing was performed on the optical elements to tune the propcr(ies of the mmld to
match the test natural frequencies. ‘1’hcsc subasscmb]y  finite clement mde.ls were used with
the. optical bench finitcelcmcnt  model to determine the total effect of g,ravity rclcmc cm
optical alignment. .

Analysis rcsultsof  the Wf;/l)Cl instrument were compard tc)o]~-~)]l~i[o  l~srri’allccs  tovcrify
the analytical mdcls. ‘1’heexpcctcd  chan:,es  in the optical ali~,nmcnt ofthc W1’/l’(;  II
instrument were then determined following the same procedures. ‘l-he analysis rcsu]ts show
that tllc]Jrilllary  effcctof  tllectl\~irc)]]]llel]tal  chan~,csisarjgid  body lllc)tic)ll  (~ftllcc~])tical
bmch  relative to the }IS’I’ optical axis. ‘1’he ri~,id body  motion is both zio[lctilllc.cffcct(l~}c
])rjnlarj]y to g,ravity rclcasc and a reoccurring effect duc to thcchangin~  thermal gradients
within an orbit. A scmndary  effect of tt]ccl~}iro[~i~~ct~tal  chan!,cs is bcnding,of  the optical
bench dueboth  top,ravity  rclcaseancl thermal distortion caused by tllc~ltlifc)rlll cll:il]g,c  ill
temperature. “I’l]csecoll(lary  cffcctofo~~tical  bench.bending is a sigt]ifical]tc(~]lcerll  as it
effects the alignmentof  each optical channe] in diffemntways.

Although rigid body motionof  the. optical bench may not bcdctmnined  from the on-orbit
images, cm-orbit data may k usd to determine the secondary effect of optical bench
binding. ‘J’hcpmclictd  Wl;/l’C 1 motion compares well with on-orbit data, with excxllcnt
agrccmcnt with the. gravity release. pre(iictions. ‘l-he analytical prutictc(i motion of the.
Wl;/lT;  11 optical elements showd that the. four l]~ecl]a!~isl]]sa(l(lecl  to the Wl~/lWII  optical
train will bcablc  to maintain instrument alignment thmug,h the entire range ofe]~\’irol]]~~er]tal
chang,cs from alignment cm earth to operation in space..
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l:igure  1: I’he Hubble Space Telescope
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Figure 2: The Wide Field/Planetary Camera 11
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Figure 3: The Wide Field/Planetary Camera Optical Train
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I;igure 5: optical Bench Finite l:lcment Model
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Figure  6: Thermal Distortion of the (lptical kmch
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Figure 7: Relay Optics Finite Element Model


